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Abstract of JP2001 239390 

PROBLEM TO BE SOLVED: To provide a 
laser machining apparatus which is able to 
perform micro-fabrication under sub-micron to 
a physical object, corresponding to the 
increase of memory capacity of an optical disc, 
in manufacturing diffraction grating of a 
hologram element used for a DVD device and 
the like. 

SOLUTION: The short wavelength ultraviolet 
radiation laser is Induced to an optical fiber 2, 
the tip of which is derived to the top of a probe 
3 of AFM(atomic force microscope) 4. An 
optical transmission part 1 1 is formed by 
acuminating the tip of prescribed optical fiber 2 
to bore a micro hole having the dimension less 
than the wavelength of prescribed ultraviolet 
laser. The contact place light of prescribed 
ultraviolet laser, generating at the other end of 
the optical transmission part 11, gives micro- 
fabrication to the surface 12 of a processing 
substrate 7 which is located in the area of the 
contact place light. Furthermore, the probe 3 of 
AFM 4, measuring processed dimensions on 
the surface 12, monitors the processing 
condition by the contact place light. 
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(54) [Title of the Invention] LASER MACHINING APPARATUS AND ITS METHOD 

AND AN OPTICAL ELEMENT MACHINED BY USING 
SAME 

(57) [Abstract] 

[Object] To provide a laser machining apparatus which can easily perform micro-fabrication of 
objects at the submicron level, corresponding to the increase in the storage capacity of optical discs 
m the process of forming circuit lattices [diffraction gratings] of hologram elements which are used' 
m DVD players, etc. 

[Means for Accomplishing the Object] Ultraviolet laser radiation with a short wavelength is 
conducted to an optical fiber 2, the tip of which is introduced into the tip of a probe 3 of an AFM 
(atomic force microscope) 4. The tip of this optical fiber 2 is sharpened to form an optical 
transmission part 1 1 which has a very small opening smaller than the wavelength of the said 
ultraviolet radiation, so that a contact place light is formed in front of this optical transmission part 
and the surface 12 of the machined substrate 7 which is placed within the region of this contact 
place light is micro-fabricated by the contact place light of the said ultraviolet laser; in addition the 
machining dimensions on the said surface 12 are measured by the probe 3 of the AFM 4 in order to 
monitor the state of the machining by the contact place light. 
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[Scope of the Patent Claims] 

[Claim 1] Laser machining method, characterized in that the tip of an optical transmission route 
which transmits uUraviolet laser radiation with a short wavelength is sharpened to form an optical 
transmission part which has a very small opening smaller than the wavelength of the said ultraviolet 
radiation; in this way, a contact place light is formed in front of this optical transmission part and 
the machined surface of the machined object which is placed in the region of this contact place light 
is micro-fabncated by the contact place light of the said ultraviolet laser. 

[Claim 2] Laser machining method, characterized in that the tip of an optical transmission route 
which transmits ultraviolet laser radiation with a short wavelength is introduced into the tip of a 
probe of an AFM (atomic force microscope); the tip of the said optical transmission route is 
sharpened to form an optical transmission part which has a very small opening smaller than the 
wavelength of the said ultraviolet radiation; in this way, a contact place light is formed in front of 
this optical transmission part, and the machined surface of the machined object which is placed in 
the region of this contact place light is micro-fabricated by the contact place light of the said 
"i^'^'^tl l^'^'' *e machining dimensions on the said surface are measured by the probe 

of the AFM in order to monitor the state of the machining by the contact place light. 

[Claim 3] Laser machining method in accordance with claim 1 or 2, characterized in that the 
machined surface of the said machined object is a three-dimensional surface. 

[Claim 4] Laser machining apparatus, characterized in that it is provided with a laser oscillator 
which produces a short-wavelength ultraviolet laser and an optical transmission route which 
transmits the short-wavelength ultraviolet laser which is outputted from this laser oscillator, formed 
by sharpening the tip of the optical transmission route which has a very small opening smaller than 
the wavelength of the said ultraviolet radiation; a contact place light is formed in front of this 
optical transmission part, and the machined surface of the machined object which is placed in the 
region of this contact place light is micro-fabricated by the contact place light of the said ultraviolet 
laser. 



[Claim 5] Laser machining apparatus, characterized in that it is provided with a laser oscillator 
which produces a short-wavelength ultraviolet laser, an optical transmission route which transmits 
the short-wavelength ultraviolet laser which is outputted from this laser oscillator, formed by 
sharpemng the tip of the optical transmission route which has a very small opening smaller than the 
wavelength of the said ultraviolet radiation, and an AFM (atomic force microscope) which has a 
probe into which the tip of this optical transmission route is introduced; a contact place light is 
formed in front of this optical transmission part, and the machined surface of the machined object 
which IS placed in the region of this contact place light is micro-fabricated by the contact place light 
of the said ultraviolet laser; moreover, the machining dimensions on the said surface are measured 
by the probe of the AFM in order to monitor the state of the machining by the contact place light. 

[Claim 6] Laser machining apparatus in accordance with claim 4 or 5, characterized in that it is 
provided with at east an XY table on which the said machined object is positioned in such a way 
that the contact pljce light of the said ultraviolet laser can scan with respect to the machined surface 
of the machined object. 

[Claim 7] Laser machining apparatus in accordance with any of the claims 4 through 6 
characterized in that the machined surface of the said machined object is three-dimensional. 
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[Claim 8] Optical element, characterized in that it is produced by a laser machining apparatus or 
metiiod m accordance with any of the claims 1 through 7 and which has a micro-fabricated pattern 
at the submicron level. 

[Detailed Description of the Invention] 

[0001] • ■ 

[Field of Industrial Application] The present invention pertains to a laser machining apparatus 
and Its method and an optical element machined by using it. For example, it pertains to a laser 
machmmg apparatus and method for fabricating various kinds of optical elements, including binary 
optics, mcludmg hologram elements, Fresnel lenses, etc., used in diffraction gratings for detecting 
trackmg errors m DVD players. '^wvun^ 

[0002] 

[Prior Art] In recent years, there has been a trend for the storage capacities of optical discs used in 
DVD players to mcrease, and the resolutions of the optical pick-ups which read and write the 
mformation on these optical discs are being improved. On the other hand, hologram elements 
which use diffraction gratings are used for detecting tracking errors of the optical pick-ups with 
respect to the optical discs; however, with the increased storage capacities of optical discs it is 
necessary to make the pitches of the diffraction gratings in the hologram elements narrower In 
order to fabricate these hologram element diffraction gratings, general methods for making their 
surface forms, using the lithography technology, have been employed; this technology was adapted 
to torm the penodic concave/convex structure on the surface of the machined substrates. 

[0003] 

[Problems to be Solved by the Invention] At present, however, in surface machining by 
lithography, which has been employed as a general method for forming the periodic 
concave/convex structure on the surface of the machined substrates, in order to fabricate the 
ditfi-action gratings of hologram elements, the mass productivity of fabricating diffraction gratings 
of hologram elements is poor, and it is difficult to perform micro-fabrication in the submicron range 
(e.g., 200 nm or smaller) even when short-wavelength light sources are used. 

[0004] Therefore, the purpose of the present invention is to provide a laser machining apparatus 
and method that are able to micro-fabricate machined objects easily in the submicron range in order 
to respond to the increased storage capacities of optical discs and to increase productivity when 
diffraction gratings of hologram elements, which are used in DVD players, etc.. are produced. 

[0005] 

[Means for Solving the Problems] As a technological means for accomplishing this purpose, the 
method of the present invention is characterized in that the tip of an optical transmission route 
which transmits ultraviolet laser radiation with a short wavelength is sharpened to form an optical 
tr^smission part which has a very small opening smaller than the wavelength of the said ultraviolet 
radiation; m this way, a contact place light is formed in front of this optical transmission part, and 
the machined surface of the machined object which is placed in the region of this contact place light 
s micro-fabricated by the contact place light of the said ultraviolet laser (claim 1). The apparatus of 
the present invention is characterized in that it is provided with a laser oscillator which produces a 
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Short-wavelength ultraviolet laser and an optical transmission route which transmits the short- 
wavelength ultraviolet laser which is outputted from this laser oscillator, formed by sharpening the 
tip of the optica transmission route which has a very small opening smaller than the wavelen^h of 
the said ultraviolet radiation; a contact place light is formed in front of this optical transmission part 
and the machined surface of the machined object which is placed in the region of this contact place ' 
light IS micro-fabricated by the contact place light of the said ultraviolet laser (claim 4). 

[0006] In the present invention, a contact place light is produced in front of the optical transmission 
part by sharpening the tip of an optical transmission route which transmits short-wavelength 
ultraviolet laser radiation to form the optical transmission part which has a very small opening 
sma er than the wavelength of the said ultraviolet radiation. The power of this contact place light is 
small, but the power density per unit area is high, and since the optical transmission part on the tip 
of the optical transmission route is smaller than the wavelength of the ultraviolet laser radiation ttie 
machined surface of the machined object can be micro-fabricated at the submicron level by the ' 
contact place light of this ultraviolet laser radiation if the contact place light is thrown onto the 
machined surface. 



[0007] Furthermore the method of the present invention is characterized in that the tip of an optical 
transmission route which transmits ultraviolet laser radiation with a short wavelength is introduced 
into the tip of a probe of an AFM (atomic force microscope); the tip of the said optical transmission 
route is sharpened to form an optical transmission part which has a very small opening smaller than 
the wavelength of the said ultraviolet radiation; in this way, a contact place light is formed in front 
of this optical transmission part, and the machined surface of the machined object which is placed in 
the region of this contact place light is micro-fabricated by the contact place light of the said 
"firA Sl^'^'' machining dimensions on the said surface ar^ measured by the probe 

ot the AFM in order to monitor the state of the machining by the contact place light (claim 2) The 
apparatus of the present invention is characterized in that it is provided with a laser oscillator which 
produces a short-wavelength ultraviolet laser, an optical transmission route which transmits the 
short-wavelength ultraviolet laser which is outputted from this laser oscillator, formed by 
sharpening the tip of the optical transmission route which has a very small opening smaller than the 
wavelength of the said ultraviolet radiation, and an AFM (atomic force microscope) which has a 
probe into which the tip of this optical transmission route is introduced; a contact place light is 
formed in front of this optical transmission part, and the machined surface of the machined object 
which IS placed in the region of this contact place light is micro-fabricated by the contact place light 
of the s^'d "Itrayiolet laser; moreover, the machining dimensions on the said surface are measured 
(daim 5) machining by the contact place light 

K^l is performed with an ultraviolet laser by means of this contact place 

light, 1 ,s desirable to measure the machining dimensions on the machined surface obtained by the 
contact place light of the ultraviolet laser radiation by means of an AFM probe in order to monitor 
the state of the machmmg by the contact place light. That is, the machining dimensions can be 
calculated from the differences in the outputs before and after the machining obtained by the AFM 
probe T^e optimum micro-fabrication can be easily perfonned while the state of the machining is 
momtored on this basis. "lawmmig is, 

\Tf^^ vv^T°''' 'V' tT^^^^ '^'^ ^PP^^*"s °f the present invention with at 

nlfol^M ft """7^ ^ ""^"^^""^ ^j'"' P^'^t'^"^^ ^"^h a way that the contact 

place light of the said ultraviolet laser can scan with respect to the machined surface of the 
machined object (claim 6). In addition, the present invention can be applied to machined objects 
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with three-dimensional surfaces, such as spherical surfaces (claims 3, 7). Furthermore, optical 
elements which have micro-fabricated patterns at the submicron level can be obtained by the laser 
machimng apparatus or method of the present invention (claim 8). 

[0010] 

(Exemplaiy Embodiment of the Invention! An exemplary embodiment of the present invention 
will be explained in detail below. In this exemplaiy embodiment, the case of fabricating a 
diffraction grating by forming a periodic concave/convex structure on the surface of a machined 
substrate, the tnachined object, by laser machining will be explained; this fabrication is performed 
in the course of fabricating a hologram element using the diffraction grating to detect tracking errors 
ot an optical pick-up with respect to optical discs used in a DVD player. Furthermore, the present 
invention can also be applied to machined objects with three-dimensional surfaces, such as 
spherical surfaces. In this case, if necessary, a Z table which moves the machined object in the Z 
direction can also be provided, in addition to the XY table described below, or a device for raising 
and lowering the AFM probe can be provided. 

[001 1] Figure 1 shows a sketch of the make-up of the laser machining apparatus, and Figure 2 
shows an example of the specific structure of the AFM probe in this make-up sketch of Figure 1 
The laser machining apparatus of the exemplary embodiment shown in these figures is provided 
with a laser oscillator 1, which produces a short-wavelength ultraviolet laser light; an optical fiber 2 
(e.g., a glass fiber), which is the optical transmission route optically connected to the output of this 
laser oscillator 1, and the tip of this optical fiber 2 is introduced to the probe 3 of an AMF (atomic 
force microscope) 4, and a probe control signal S2 is outputted to the driving means of the probe 3 
based on the detection signal S, from the probe position detection means of the AFM 4 
Furthermore, it is provided with a controller 6 which outputs a table control signal S3 to the driving 
means of the XY table 5 based on the XY coordinate data of the probe 3 . 

[0012] The machined substrate 7 is made of a resin, metal, etc.; for example, if a metal substrate is 
used as the machined object, an etching gas can also be introduced. Moreover, this machined 
substrate 7 may also be a mold for producing the diffraction grating with a micro-fabricated pattern 
on the submicron level, as well as this diffraction grating itself In the case of the mold, diffraction 
gratings with a micro-fabricated pattern on the submicron level can be mass-produced by means of 
this mold. The machined substrate 7 is placed in such a way that its surface 12 (the machined 
surface) is close to the tip of the probe 3 of the AFM 4. 

[001 3] This machined subsfrate 7 is positioned, for example, on the XY table 5, and this XY table 5 
IS driven in the X and Y directions via a piezo element (pressure-electric element) of a driving 
means, based on table signals S3 from the controller 6. In this way, the said machined substrate 7 
can be moved in the X and Y directions by very small distances (for example, about 100 urn) 
Furthemiore, If the said XY table 5 is mounted on another XY table (not shown), in order to move 
this machined substrate 7 further in the X and Y directions, this machined subsfrate 7 can be moved 
m me A and Y directions by distances on the micron order. 

^L^^ ^^'^ 'If 1 P'^oduces an ultraviolet laser light with a short wavelength, e.g., 

1 10-266 mn; suitable ultraviolet lasers for this use are. e.g., an ArF excimer laser with a wavelength 
of 193 nm a fluorine laser with a wavelength of 158 mn, a YAG laser (high-frequency light) with a 
wavelength m the range of 210-266 mn. Other lasers, such as hydrogen lasers, can also be used 
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[0015] The optical fiber 2 which extends fi-om this laser oscillator 1 is a two-part one with different 
refractive indices, as shown in Figure 3. That is, it is formed from a core 8 in the central part and a 
cladding 9 placed around the core 8; its tip has a structure which is introduced into the tip of the 
said probe 3 (see Figures 1 and 2). The tip of this optical fiber 2 is sharpened; for example it has a 
shape in which the tip of the core 8, which protrudes from the cladding 9 end surface, is sharpened 
comcally and a metal film 1 0 is coated on this cladding 9 end surface by deposition etc In this 
way, a smaller optical transmission part 1 1 (e.g., 100 nm or smaller) than the wavelength of the said 
ultraviolet laser light (e.g., 193 nm) is formed in the conical core 8. 

[0016] Thus, the tip of the optical fiber 2 is sharpened and the optical transmission part with a very 
fine openmg, is smaller than the wavelength of the ultraviolet laser light; therefore, a contact place 
light A (evanescent light) is formed in front of the optical transmission part 1 1. The size of the 
region of this contact place light A is proportional to the size of this optical transmission part 1 1. 
and this size becomes the minimum machining width during the laser machining. 

[0017] Furthermore, in this exemplary embodiment, in order to produce the contact place light A at 
the tip of the optical fiber 2, an optical transmission part 1 1 is formed which has a shape in which 
the tip of the core 8 is sharpened conically, but it is not limited to this shape; any shape may be used 
as long as the tip of the optical fiber 2 is sharpened to make a very fine opening smaller than the 
wavelength of the ultraviolet laser light. 

[0018] On the other hand, the AFM 4 is a device which is able to detect the displacements of the 
probe 3, which are produced by the forces (inter-atomic forces) acting between the surface 12 of the 
machined substrate 7 and the tip of the probe 3, on the nanometer order. The probe 3 is formed on 
the tip of a cantilever 13 which is easily bent by very weak forces, and it has an optical system a 
probe position detecting means, which measures the displacements of the probe 3 (see Figure 2) 
This optical system consists, for example, of a detection light source 15 and a light detector 16 
which are fixed to specific positions with respect to a reflecting mirror 14, placed on the back of the 
said cantilever 1 3; the light emitted from the detection light source 15 is reflected by the reflecting 
mirror 14, this reflected light is detected by the light detector 16, and this detection signal S, is 
transmitted to the controller 6. 

[0019] Furthermore, a piezo element (pressure-electric element) 17, which is a probe driving 
means, is placed adjacent to the support part of this cantilever 13; the cantilever 13 bends due to the 
piezo element 17 being driven based on the probe control signal Sa from the controller 6, and the 
probe 3 on the tip of the cantilever 13 is moved towards or away from the surface of the machined 
substrate 7 by this bending. If the voltage applied to the said piezo element 17 is raised, the probe 3 
approaches the surface of the machined substrate 7, and if the voltage applied to the piezo element 
i / IS reduced, the probe 3 moves away from the surface of the machined substrate 7. 

[0020] In Ais AMF 4, changes in the minute forces (inter-atomic forces) acting between the atoms 
o t the tip of the probe 3 and the surface of the machined substrate 7 are detected as the displacement 
(bending angle) of the cantilever 13, while the probe 3 on the cantilever 13 is moved toward or 
away from the surface of the machined substrate 7 by the rise or fall in the voltage applied to the 
piezo element 1 7. That is, the changes in these inter-atomic forces are detected by the light detector 
16 as changes in the reflection angle of the laser light which is emitted from the detection light 
source 15 and shines on the reflecting mirror 14 on the back of the probe 3. 

[0021] Based^on the detection signal S,, the voltage applied to the piezo element 17 is controlled by 
the controller 6 and the distance between the tip of the probe 3 and the surface of the machined 
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substrate 7 is adjusted so that the distance between the tip of the probe 3 and the surface of the 
machined substrate 7 (e.g., several nm) is kept constant. Therefore, if there are concave and convex 
places on the surface of the machined substrate 7, the position of the tip of the probe 3 can be 
adj usted when the probe 3 is made to scan the surface of the machined substrate 7. by making it 
follow the uneven shape of the surface of the machined substrate 7 so that its distance from this 
surface is constant. 

[0022] The control of the laser machining apparatus of this exemplary embodiment is performed by 
the method outlined below. First, as mentioned below, the probe 3, located on the tip of the 
cantilever 13 of the AFM 4, is positioned by inter-atomic forces so that the distance between the 
surfaces of the tip of the probe 3 and the machined substrate 7 (e.g., several nm) is kept constant. 

[0023] On the other hand, the short-wavelength ultraviolet laser radiation outputted from the laser 
oscillator 1 is conducted through the optical fiber 2 and introduced to the AFM 4 and then 
conducted to an optical transmission part 1 1 which is formed on the tip of an optical fiber 2. placed 
on the tip of the probe 3. As described above, this optical transmission part 11 is formed as a 
corneal core 8 through which the ultraviolet laser radiation passes, and since it is smaller than the 
wavelength of the ultraviolet laser radiation, a contact place light A is formed in front of this conical 
core o. 



[0024] For example, if an excimer laser made of ArF, with a short wavelength of 193 nm, is used 
as the ultraviolet laser, a very small opening, for example, smaller than 100 mn, smaller than the 
wavelength of the ultraviolet laser, is formed in the optical transmission part 1 1 which forms the 
conical core 8; therefore, the surface of the machined substrate 7 can be micro-fabricated in a 
submicron region smaller than 200 ^m, e.g., on the nanometer order, by the contact place light A 
produced by this ultraviolet laser radiation. For example, a concave part 18 which has a size 
smaller than 1 00 nm can be formed (see Figure 4). The size of this concave part 18 ie the 
machined width of the concave part 18, is determined by the size of the contact place light A. 

[0025] When a concave part 1 8 is formed by the contact place light A produced by the ultraviolet 
hetwJ' tf ? ^""-f^J^^^fthe machined substrate in the mamier described above, the distance 
between the tip of the probe 3 and the surface of the machined substrate 7, i.e., the bottom of the 
concave part 18, becomes larger; therefore, the cantilever 13 is bent by the passing of current (a rise 
in the apphed voltage) to the piezo element 1 7, to a position such that the distance between the tip 

n^nt ? u ("-S ' ^^^^^^1 becomes constant, and the 

probe 3 is therefore brought closer. 

[0026] Furthermore, when the probe 3 is brought closer, to a position such that the distance 

the^rv ''^ ^ ^^^^^^ ^^"'^^^^ P^*^ 18 constant, the depth of 

the mach ning of the concave part 1 8 is obtained by calculation by the controller 6, based on the 
posmonal displacement between the reflected light in the optical system at this position (after the 
machining) and the reflected light in the initial position (before the machining). By measuring the 

v,"'"'''^"'"^ P"'^ 18 ^•^^""t of movement of the probe 3 of the 

AFM 4, m this manner, it is possible to micro-fabricate a concave part 18 which has the optimum 
machining depth by monitoring the amount of this machining with the AFM 4. 

InhlrL^^"" T""^^" ^^"^ ^ ^ ^^'■^-f^bricated in the mamier described above, the machined 
substrate 7 is moved m a minute amount in the desired XY directions through the XY table 5 bv 
passing current to the piezo elements (not shown) of the XY table 5, the contact place light A of the 
ultraviolet laser radiation which is located on the p«,be 3 tip can be scanned over the machined 
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substrate 7 and a concave groove with the desired shape and length can be formed; finally a 
periodic concave/convex structure can be micro-fabricated on the surface of the machined' substrate 
7 A diffraction grating can be made by micro-fabricating this kind of machined substrate 7 in a 
submicron region smaller than 200 pan. 

[0028] If a diffraction grating can be made in a submicron region as described above, it can be 
made to exhibit an effect of preventing reflection or the functions of a deflector (wavelength plate) 
narrow-band band pass filter, etc. e f 

[0029] Furthermore, in the micro-fabrication performed by the contact place light A of the 
ultraviolet laser radiation described above, the case in which a concave part 18 is formed was 
explained, but it is also possible to form a convex part by introducing a gas containing a metal atom 
by usmg a CVD technology, for example, and accumulating the metal on the surface of the 
machined substrate by means of the contact place light of the ultraviolet laser radiation In this 
case also, the smallest machining width of this convex part depends on the size of the contact place 

u i'^; °f ^onve'^ part can be controlled to the optimum value by monitoring it with 

the AFM probe. 

[0030] In addition, in the exemplary embodiment described above, the case of producing a 
hologram element using a diffi-action grating for detecting the tracking errors of an optical pick-up 
with respect to optical discs used in DVD players was explained. However, the present invention is 
not limited to this application; it can also be applied to the case in which a machined substrate is 
l^er-machmed in order to form circuit patterns in a CVD apparatus in order to increase the degree 
ot integration of the other optical or semiconductor elements. 

[0031] 

[Effects of the Invention] By means of the present invention, it has become possible to micro- 
fabricate the machined surface of a machined object in a submicron region smaller than 200 am by 
conducting a short-wavelength ultraviolet laser radiation produced by a laser oscillator into an 
optical transmission route and sharpening the tip of this optical transmission route to fonn an optical 
transmission part which has a very small opening, smaller than the wavelength of the said 
ulfraviolet laser radiation, thus producing a contact place light in front of this optical transmission 
part, and then micro-fabricating the machined surface of the machined object, which is placed in the 
region of this contact place light, by means of the said contact place light of the ultraviolet laser 
radiation^ For example, one can easily cope with the increased memory capacities in optical media, 
such as D VD devices, and the increased degree of integration of semiconductor technologies 
obtained by CVD, etc. Furthennore, if it becomes possible to micro-fabricate diffraction gratings 
which are used m DVD players, etc., on the said submicron level, one can make use of their effect 
filteHtc ""^^ plate), narrow-band band pass 

[0032] In addition, the machined surface of a machined object can be micro-fabricated by 
conducting a short-wavelength ultraviolet laser radiation produced by a laser oscillator into an 

int'-oducing the tip of this optical transmission route into the probe tip 
of an AFM (atomic force microscope), sharpening the tip of this optical transmission route to form 
an optical transmission part which has a very small opening, smaller than the wavelength of the said 
ultraviolet laser radiation, thus producing a contact place light in fi^nt of this optical transmission 
part, after which the niicro-fabricating is performed by this contact place light of the said ultraviolet 
laser radiation. In addition, by monitoring the state of the machining by means of the contact place 
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iix^ ^u™^^^"^'"^ machining dimensions on the said machined surface with the probe of the 
AFM, the said effect of making possible the micro-machining at the submicron level in this manner 
can be obtained, and the machining can be controlled in the optimum manner to micro-fabricate the 
machined surface of the machined object. 

[Brief Description of the Drawings] 

Figure 1 is a sketch of the make-up of an exemplary embodiment of a laser machining apparatus of 
the present invention. ^ 

Figure 2 is a sketch of the make-up of a laser machining apparatus showing the specific structure of 
the probe of the AFM. 

Figure 3 is a cross-sectional drawing showing the contact place light produced at the optical 
transmission part of the optical fiber located at the tip of the probe of the AFM. 

Figure 4 is a cross-sectional drawing state in which the machined substrate is laser-machined by the 
contact place light produced at the optical transmission part of the optical fiber located at the tip of 
the probe of the AFM. 



[Explanation of the Symbols] 

1 Laser oscillator 

2 Optical transmission route (optical fiber) 

3 Probe 

4 AFM 

7 Machined object (machined substrate) 
1 1 Optical transmission part 

Figure 1 
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Figure 4 



